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1. Introduction
[1] Introduced the impact of Initial States of Different Channel Model Implementations of LTE throughput stability.  Several conclusions were made in [1], seemingly based on a system level interpretation of a “drop model”, however these are not the working assumptions in 37.976 and therefore the conclusions are not relevant to the current work, which uses link level channels for performance evaluations. 
This contribution explains the different channel model implementations and clarifies the concept of a channel drop. Furthermore, with this contribution we demonstrate that the initial phases do not have any significant impact on the final measured throughput, and that both geometric and correlation based implementations should not differ in the channel models they produce. 
2. Channel Model Implementations and Channel Drops
The OTA models adopted in 37.976 are link level models sometimes called “CDL” or “TDL” for cluster delay line or tap delay line models.  They define the channel model with a specific path delay profile, and a specific path angle profile at the BS and MS. 
 
The drop model defined in SCME or Winner is a system simulation model.  Typically, over a series of D drops, the cell layout and the locations of the base stations are fixed, but the locations of the MSs are randomly varied at the beginning of each drop with a unique realization of the channel model. Hence, within a drop all channel propagation parameters describing the environment, antennas and motion are all fixed. So, every drop is a new channel realization with a new AoD, AoA, and PDP, therefore the channel model varies with each drop.
 
Defining a specific link simulation, which is typically done for measuring receiver performance is like selecting one drop, which is one channel realization.  This is how the models in 37.976 are specified.  Evaluating a drop model is a system simulation, which evaluates performance over a large number of channel models.  These are not comparable.

For the purpose of measuring antenna + receiver performance in 37.976 a few different link level models are specified. The idea of different drop models or system simulations is not considered in 37.976.
 
3. Throughput variation estimates with different implementations
Geometry based channel model tries to model the channel with geometric parameters.  SCM, SCME and WINNER channel models are typical geometry based channel models. [2] describes the Rice method, as a sum-of-sinusoid, to generate fading channel coefficients. The parameter set that effects the statistics of the model are the number of sinusoids, the amplitude of the sinusoids and the frequency of the sinusoids. Using any set of the above three parameters an infinite number of fading sequences can be realized. Each of these sequences has a different time behavior but identical properties. Initial phases have no influence on the statistical properties. 
[2] also reports that both the geometry based and correlation based modeling methods result in identical stochastic processes. Proper implementations of both methods will result in similar statistics including the convergence time. 
As reported in [1], we choose a SCME Urban micro-cell channel model to check the evaluations and conclusions for the geometric channel model. The model parameters are as defined in [1], and are repeated in Table 1. 
Table 1: SCME urban micro-cell channel model
	SCME Urban micro-cell

	Cluster #
	Delay [ns]
	Power [dB]
	AoD []
	AoA []

	[bookmark: _Hlk261224344]1
	0
	5
	10
	-3.0
	-5.2
	-7.0
	6.6
	0.7

	2
	285
	290
	295
	-4.3
	-6.5
	-8.3
	14.1
	-13.2

	3
	205
	210
	215
	-5.7
	-7.9
	-9.7
	50.8
	146.1

	4
	660
	665
	670
	-7.3
	-9.5
	-11.3
	38.4
	-30.5

	5
	805
	810
	815
	-9.0
	-11.2
	-13.0
	6.7
	-11.4

	6
	925
	930
	935
	-11.4
	-13.6
	-15.4
	40.3
	-1.1

	Delay spread [ns]
	294

	Cluster AS AoD / AS AoA []
	5 / 35

	Cluster PAS shape
	Laplacian

	Total AS AoD / AS AoA []
	18.2 / 67.8

	Mobile speed [km/h] / Direction of travel []
	30 / 120

	XPR
NOTE: V & H components based on assumed BS antennas
	9 dB


	Mid-paths Share Cluster parameter values for: 
	AoD, AoA, AS, XPR



The mobile speed is set to 30 Km/h. The eNodeB antenna configuration is a vertically polarized Omni-directional antenna array with 10 lambda separation at the BS.  An ideal dipole with 0.5 lambda spacing was used at the MS since we do not have the antenna response used in [1], however this should not significantly impact the results.  42 drops, of 1 second duration, with different initial state or random phase are simulated. The results are presented in Fig 1.  (In this analysis the 50% Relative throughput is a scaled value based on a capacity estimate in bps/Hz from the SCME Urban micro-cell 2x2 MIMO channel.  This may be somewhat different than the more complex tool in [1], however there was not enough explanation given to reproduce that tool here.)
[image: Description: Fig5_geo.bmp]
Fig 1. Geometry-based model throughput variation over each drop (drop interval = 1 s)
As noted in Fig. 1, throughput variations are not large. The maximum throughput ratio is  (min/max) 49.85/53.65 = 93%.  Moreover, Fig 1 demonstrates that the initial phase does not have a significant impact on the relative throughput estimate. 
Similar results have been reported in [1] for correlation based models. Fig. 2 reproduces the results from [1]. The throughput variation for this case is  42.5/45 = 94.4%.  
[image: Description: Fig6_orig.bmp]
Fig 2. Correlation-based model throughput variation over different implementation (simulation time = 5s)
Comparing these two results indicate that both methods are equivalent and produce similar throughput differences over a 1 second interval. These results confirm with the theory that both methods of channel generation are equivalent and produce similar results [2]. 

[1] reports large variations in throughput for the geometry based model, shown in Fig 3.

[image: Description: Fig5_orig.bmp]
 
Fig 3. Geometry-based model throughput variation over each drop (drop interval = 1 s), with each drop creating a unique channel realization. 

Such variations are only possible if multiple trials from a drop model create multiple channel realizations, with unique AoDs, AoAs, PDPs, etc, and hence the results should vary in this case. Multiple trials from a single correlation matrix will result in the same “average” channel realization and hence the results should not vary significantly. This can be seen from Fig. 2.  

Convergence is studied in [1] by selecting the best and worst throughputs obtained in a 1s interval from the 42 drops, which are shown above in Fig 3.  Since each of these drops are different channel realizations, the capacity they will support in the channel is quite different.  The result shown in [1] is repeated below in Fig 4.
[image: ]
Fig 4.  Throughput from different channel realizations

Fig 5. Is a simulated result for the case when the same channel realization is used, and only the initial phases are randomized at the beginning of the simulated fading sequence.  This figure compares the channels with the initial phase vector that produces the best and worst throughput in Fig 1.  The results in Fig 5 indicate that the starting phases will converge quickly to a single throughput value that is representative of the given channel realization (SCME Urban micro-cell in this case).   

[image: ]
Fig 5. Throughput for the same channel (SCME Urban micro-cell) with best and worst starting phase vectors selected by min & max throughput in a 1 second interval out of 42 random phase vector selections


4. Conclusion
a. In geometry-based channel model implementations, single drop throughput simulations are not sensitive to the initial phase. 

b. Results for the SCME Urban micro-cell geometric model and the correlation based model, are similar, when initial starting phases are random.  

c. In [1] The single drop model appears to have not been studied for only variation due to initial phases, but it appears to have been drops of the full channel model, which is multiple channel realizations, and hence the variations.  (as seen in Fig 3 & 4 above)

d. Geometric models doesn’t need longer to converge, and actually converge quite quickly to the same throughput independent of initial phase (as seen in Fig 5)
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